Objective : Several studies have reported on the effectiveness of frontolateral craniotomy in reducing the operating time and post-operative complications. However, no study has practically evaluated this method from the cosmetic point of view.
INTRODUCTION
The conventional pterional craniotomy (CPC), which orbital eyebrow incision approach, mini-pterional approach, and frontolateral craniotomy (FLC), were recently introduced. Due to possible temporal muscle atrophy, cosmetic effect after pterional craniotomy is not always satisfactory.
MATERIALS AND METHODS

Patients
3)
Therefore, we compared temporal depression of the two different approaches. We first adjusted the contrast of brain computed tomography (CT) in order to have a better view of the soft tissue, and then measured the length of the thickest point of the soft tissue at the level of the sphenoid ridge (Fig. 2) . Measurement was performed bilaterally, and the difference between craniotomy side and contralateral side was checked.
All CTs were reviewed six months after the operation.
Operative technique of frontolateral approach
We followed the operative techniques as reported by Hernesniemi et al.
3) The patient was in a supine position and the head was elevated above the cardiac level to minimize bleeding. The head was also fixed with three pins in the head frame (Mayfied) and was rotated 15-45 degrees towards the opposite side and tilted slightly depending on the precise location of the lesion. Minimal hair shaving was performed and the skin incision was short and behind the hairline (Fig.   1A ). The one layer skin-galea-muscle flap was dislocated after its detachment from the bone by diathermy, thereby avoiding any possible injury of the branches of the facial nerve. The spring hooks were used to retract the flap anteriorly until the superior Table 2 . Post-operative complication Fig. 3 . Bilateral symmetry of temporalis muscle was measured through computed tomography taken six months after the operation.
orbital rim was exposed. The temporal muscle was split only in its superior and anterior part (Fig. 1D) .
Only a single burr hole was placed posteriorly just below the insertion line of the temporal muscle (Fig.   1B ). The bone flap was detached mainly by side-cutting craniotomy. The mean bone flap size was 4×2.5 cm (Fig. 1C) . After the dura mater was opened in a curvilinear incision pointing anterolaterally and elevated with stitches, the operating microscope was brought into place. After minimal opening of the sylvian fissure, careful dissection proceeded towards the aneurysm. Only one retractor was used for the brain dislocation. In closure, the bone flap was fixated with a skull fixator and a cranial plate (Fig. 1D) . Statistical analysis was performed using Wilcoxon signal rank test. Table 3 . Thickness of temporalis muscle bilateral symmetry of temporalis muscle was measured by CT taken six months after the operation (Fig.   3 ). After careful comparison of the thickness of temporalis muscle between the craniotomy side and the contralateral side, the results clearly showed that the CPC group was asymmetric by a p value of 0.152 and the FLC group was symmetric by a p value of 0.002 (Table 3 ). In addition, a larger size of aneurysm was observed in the FLC group (Table 1 ). In measurement of maximum size of each aneurysm, mean size of the FLC group was 5.23 mm and that of the CPC group was 4.62 mm.
RESULTS
As shown in
DISCUSSION
CPC was widely used and favored for many decades to access unruptured intracranial aneurysms at the anterior circulation. 3)
In addition, epidural hematoma may be caused by CPC.
3) Therefore, keyhole approaches such as supraorbital eyebrow incision approach, mini-pterional were introduced as an alternative, however, they have a limited operative working angle.
2)4)7) Among them, FLC was determined to be the best, due to its advantages including shorter skin incision, smaller craniotomy, no alteration of temporalis muscle, which prevents temporalis muscle atrophy, and less complication such as postoperative epidural hematoma due to CSF leak. 3) In addition, the size of the craniotomy is absolutely sufficient to reach the whole anterior part of the Circle of Willis, sellar, suprasellar legion and also the anterior part of the basilar artery if it is located superiorly from the posterior clinoid process (Fig. 2) .
3) However, some limitations were also reported.
FLC offers less exposure of certain lesions that need to be exposed from a more lateral (temporal) perspective: Again, temporalis muscle atrophy is an aesthetic and functional complication of pterional craniotomy, which can delay patients' rapid recovery or deter them from returning to their previous occupations.
5)
The main factors causing muscle atrophy are 1) denervation, 2) loss of blood supply, 3) inappropriate muscle tension and 4) muscle fiber injury. 6) When using FLC, the temporalis muscle is not manipulated during surgery, which not only shortens the operation time, but also discourages development of temporalis muscle atrophy. In this study, post-operative aesthetic outcome was proven to be significantly better in the FLC group than in the CPC group.
CONCLUSION
Our study showed that operation time for FLC tends to be shorter than that for CPC, with a similar rate of complication as CPC, a traditional method.
In both our surgical and clinical experiences, FLC proved to be superior to CPC by providing a safer and faster operation, with no post-operative temporal depression. Thus, FLC could be a pragmatic alternative for patients with an unruptured intracranial aneurysm in anterior circulation including posterior communicating artery, particularly those who highly demand a better cosmetic result.
